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Median HIV prevalence among women (15Median HIV prevalence among women (15--49 years) attending 49 years) attending 
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Percent of adults living with HIV who are Percent of adults living with HIV who are 
female (1990female (1990 ––2007)2007)

0

10

20

30

40

50

60

70

Percent 
female 
(%)

��� ��!�����"#����
$%&'"%
(��������
"���
)�)������*�(�"���
%�����"+�����

1990‘91‘92 ‘93‘94‘95‘96‘97‘98‘99‘00‘01 ‘02‘03‘04 ‘05‘062007

Year



Zambia





India



HIV prevalence among pregnant women HIV prevalence among pregnant women 
in selected states in India, 2003in selected states in India, 2003 ––20062006
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Clean Water & HIV/AIDS 
“The provision of clean water is critical in HIV care 

and treatment programs for 3 reasons:

(1) PLWHA are particularly susceptible to  
opportunistic infections and diarrhea; 

(2) HIV-positive mothers who do not breastfeed 
need clean water to make formula; and

(3) anti-retroviral (ARV) therapy is better absorbed 
if patients use clean, treated drinking water”

From: USAID 2007 BEST PRACTICES IN SOCIAL MARKETING  SAFE WATER SOLUTION for                  
HOUSEHOLD WATER TREATMENT: LESSONS LEARNED FROM                 
POPULATION SERVICES INTERNATIONAL FIELD PROGRAMS) 



Diarrhea & HIV - WHO

“Diarrhoea is a major cause of morbidity and 
mortality in people with HIV….. Simple, accessible 
and affordable interventions to guarantee the 
quality of household-based water, hygiene, and 
sanitation have been effective in reducing the risk 
of enteric diseases in controlled trials. These 
interventions have been generally acceptable to 
households, especially when supported by 
educational and promotion efforts for effective 
implementation and sustained use. Recent meta-
analyses demonstrated … reduction in  diarrhoea 
….of 39% with point-of use household water 
treatment.” - WHO 2008 “Essential prevention and care interventions 
for adults and adolescents living with HIV in resource-limited settings”



HIV & Clean Water

• “HIV-positive patients without access to clean 
water are at risk for a variety of common and 
opportunistic pathogens. These pathogens can 
be difficult to eradicate and can contribute to 
dehydration, malnutrition, and worsening of 
immune function…. Interventions are especially 
critical if formula-feeding is encouraged for 
PMTCT, since diarrheal illness is a major cause 
of death in infants who are not breastfed during 
the first two years of life.”

The PIH Guide to the Community-Based Treatment of H IV in 
Resource-Poor Settings Second Edition 2006 by Partn ers in Health



Example of Increased Mortality from Enteric 

Pathogens for People with Immune Deficiencies

Adapted from presentation by Mark Sobsey at UNC





Sadraei et al. Diarrhea, CD4+ cell counts and opportunistic protozoa in Indian HIV-infected 
patients Parasitol Res (2005) 97: 270–273



Clean Water & HIV/AIDS Medications

• “To implement treatment programmes for people 
with HIV—to provide ART, cotrimoxazole and 
medicines for TB, for example—access to safe 
water is essential, as this allows patients to 
take their drugs and avoid diarrhoeal diseases 
that reduce drug absorption.

• When implementing programmes for replacement 
(i.e., formula) feeding of infants of mothers with 
HIV, or early weaning of breastfed infants of HIV-
infected mothers, the provision of effective water 
treatment is essential to protect the health of the 
infants.” – WHO 2008 “Essential prevention and care interventions for 
adults and adolescents living with HIV in resource-limited settings”



Clean Water & HIV - WHO

“Programmes serving people with HIV 
should advocate for adequate water 
supplies for their populations, particularly 
because people with HIV are at higher risk 
than those with intact immune systems of 
opportunistic infections transmitted through 
faecal-contamination.”

WHO 2008 “Essential prevention and care interventions for adults 
and adolescents living with HIV in resource-limited settings”



= significant potential for waterborne transmission

From Partners in Health 2008 Manual



CHACIN-BONILLA et al.  (2006)  MICROSPORIDIOSIS IN VENEZUELA: PREVALENCE OF INTESTINAL 
MICROSPORIDIOSIS AND ITS CONTRIBUTION TO DIARRHEA IN A GROUP OF HUMAN IMMUNODEFICIENCY  VIRUS–

INFECTED PATIENTS FROM ZULIA STATE Am. J. Trop. Med. Hyg., 74(3), pp. 482–486
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Adapted from presentation by Mark Sobsey at UNC







The Importance of Persistent Diarrhea

• As improvements in treating acute diarrhea 
(particularly using oral rehydration therapy) 
have led decreased illness and death 
related to fluid and electrolyte loss, 
persistent diarrhea has emerged as a 
common cause of death.

• Persistent diarrhea can result from multiple 
consecutive infections with pathogens, from 
an untreated pathogen infection or from 
secondary malabsorption.  



Pathogens That Cause             
Persistent Diarrhea 

“Although many viruses, bacteria and 
parasites can produce persistent 
diarrhea, Giardia, Cryptosporidium, 
enteroaggregative E. coli (EAEC) and  
enteropathogenic E. coli (EPEC) are 
the most important of these agents”

Ochoa et al. 2008 New insights into the epidemiology of 
enteropathogenic   Escherichia coli infection Trans R Soc 
Trop Med Hyg. 02(9): 852–856



From  TILLEKERATNE et al. Morbidity and mortality among a cohort of HIV-infected adults 
in a programme for community home-based care, in the Kilimanjaro Region of Tanzania 
(2003–2005) Annals of Tropical Medicine & Parasitology, Vol. 103, No. 3, 263–273 (2009)

Chronic Diarrhea is A More Significant Cause          
of Death in HIV+ Adults in Tanzania



Persistent Diarrhea & HIV Status Central 
African Republic (Germani et al., 1998)



Mortality Rates for 19,983 HIV+ Adults               
in Uganda

Sewankambo et al. “Mortality associated with HIV infection                         
in rural Rakai District, Uganda” Aids 2000



Uganda Study

• John Hopkins University and partners study was  
very large (19, 983 people). HIV+ rate was 16%. 

• For HIV+ adults with no symptoms at interview  
(likely hadn’t progressed to AIDS), 12.2% died  
within 10 months. For HIV+ with diarrhea 72.2%  
died within 10 months.

• Infant mortality rates of babies of HIV+ mothers was 
209/1000 & babies of HIV- mothers was 98/1000.



HAART

• The advent of highly active antiretroviral 
therapy (HAART) dramatically changed 
the outlook for those HIV infected patients 
who have access to HART. 

• HAART inhibits HIV replication, increases
CD4+ T cell numbers, and decreases the 
incidence of opportunistic infections





Resource-Limited Countries and 
Antiretroviral Therapy 

“Mortality rates and the range of morbidity differ 
between cohorts in industrialized countries and 
resource-limited settings. Data from South Africa, 
for example, indicate that unusually high rates of 
AIDS and death occur in patients with CD4 cell 
counts in the range 200–350. Early mortality in 
patients receiving antiretroviral therapy in                
sub-Saharan Africa is also substantially greater 
than in those treated in high-income countries.”

– from Wood and Lawn (2009) Should the CD4 threshold  for 
starting ART be raised? Lancet 



Antiretroviral Therapy
• Although HAART is highly effective at 

suppressing HIV virus and has saved many 
lives, for a substantial portion of AIDS patients 
the immune system is not completely restored.  

• “A substantial proportion of patients who delay 
therapy until their CD4+ count decreases to 
<200 do not achieve a normal CD4+ cell count, 
even after a decade of otherwise effective 
antiretroviral therapy. Although the majority of 
patients have evidence of slow increases in 
their CD4+ cell count over time, many do not. 
These individuals may have an elevated risk of 
non–AIDS-related morbidity and mortality.”
– From: Incomplete Peripheral CD4+ Cell Count Restora tion in HIV-Infected Patients Receiving 
Long-Term Antiretroviral Treatment by Kelley et al.  March 2009  Clinical Infectious Diseases 



HAART Continued

• “ Up to 30% of human immunodeficiency virus 
(HIV)–infected patients who are receiving long-
term highly active antiretroviral therapy do not 
exhibit a marked increase in the CD4+ T cell 
count, despite achieving complete suppression 
of the HIV load. These patients are referred to 
as “immunological nonresponders.”
– Gazzola et al. Clinical Infectious Diseases Feb. 20 09 



Significant Immune System Restoration with 
HAART Takes Months

Smith et al. The potential for CD4 cell increases in HIVSmith et al. The potential for CD4 cell increases in HIV--positive individuals who control positive individuals who control viraemiaviraemiawith highly active with highly active 
antiretroviral therapyantiretroviral therapyAIDS: 2 May 2003 AIDS: 2 May 2003 -- Volume 17 Volume 17 -- Issue 7 Issue 7 -- pp 963pp 963--969969
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% Survival @ 1,000 Days of AIDS Patients with Cryptosporidiosis 

is < Half of Survival of AIDS Patients Without Cryptosporidiosis

With Cryptosporidiosis 

Without Cryptosporidiosis 

Adapted from: Adapted from: ColfordColford et al. (1996) Cryptosporidiosis among Patients Infected with Huet al. (1996) Cryptosporidiosis among Patients Infected with Human Immunodeficiency Virus: Factors Related man Immunodeficiency Virus: Factors Related 
to Symptomatic Infection  and Survival  to Symptomatic Infection  and Survival  Journal of EpidemiologyJournal of Epidemiology
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Crypto & Isospora Impact on ART
• Advanced HIV infection is frequently complicated by  
diarrhea ….and malnutrition. Resulting 
malabsorption of antiretroviral (ARV) drugs might 
lead to sub therapeutic levels in some patients.

• In a study in NE Brazil they found reduced ARV 
drug blood levels in diarrhea patients compared 
to outpatients without diarrhea or wasting and a 
predominance of Cryptosporidium and Isospora. 
“ We conclude that severe diarrhea and wasting in 
this population is associated with both protozoal 
pathogens and sub therapeutic levels of 
antiretroviral medications .” – Brantley et al. (2003) The
Brazilian Journal of Infectious Diseases



Impact of Diarrhea on ART Drug 
Levels in Blood AIDS Patients Brazil  

Drug Effective 
Level

Without diarrhea

Adapted from Brantley et al. (2003) The Brazilian J ournal of Infectious Diseases



TB & HIV - Africa

from Tuberculosis in Africa — Combating an HIV-Driven Cri sis by Chaisson  and Martinson 
NE Journal of Medicine 2008



TB & HIV/AIDS
• HIV+ persons are 100 times more likely than HIV-

individuals to develop active TB. 

• Additionally, molecular studies have confirmed 
that HIV-positive persons are more susceptible to 
re-infection by a second strain of TB, even after 
adequate anti-TB treatment has been provided.

• The risk of poor response to TB treatment—
failure, relapse, and death—is also greater 
among HIV-positive individuals.

• Once a person who has HIV develops active TB, 
the progression to AIDS and death is more rapid 
than for HIV+ patients who do not have active TB.





Sanitation & HIV/AIDS

“In a randomized controlled trial of a safe-water 
intervention for people living with HIV in 
Uganda, access to latrines was independently 
associated with a reduced risk of diarrhoea of 
31% and the number of days ill with diarrhoea 
by 37%.” – WHO 2008
“Essential prevention and                                        
care interventions for adults and adolescents                   
living with HIV in resource-limited settings”

Photo from: “Water, sanitation and hygiene: interventions   and diarrhoea – a review” by Fewtrell & Colford



Children and HIV/AIDS in 
Developing Countries



• Children living with HIV 2.1 million

• New HIV infections in 2007 420,000
(17% of all new infections) 

• Deaths due to AIDS in 2007 290,000                           
(14% of all HIV/AIDS deaths)

Children (<15 years)
2007 global HIV and AIDS estimates





Photo from: “Water, sanitation and hygiene: interventions   
and diarrhoea – a review” by Fewtrell & Colford



From Dr. Carmela Green-Abate of AIDSRelief  “Obstacles to caring for children with HIV,   
we can do better?” Presentation for the CRS OVC Foru m Washington June 26, 2008



Diarrhea, Children & HIV/AIDS

• Diarrhea, a very common symptom of HIV and AIDS, 
affects 90 percent of PLWHA and results in significant 
illness and mortality. 

• Illness and death due to diarrheal disease is even more 
severe in children with HIV and AIDS.

• A study of HIV-positive infants in the Democratic Republic 
of Congo (DRC) found that the risk of dying from diarrhea 
is 11 times greater than for infants who were HIV-negative.

• Another study found that HIV+ babies with acute diarrhea 
were six times more likely to develop persistent diarrhea. 
HIV negative babies born to HIV-positive mothers were 
also at 3.5 times greater risk of developing persistent 
diarrhea than babies born to HIV-negative mothers.



HIV, Cryptosporidium and Children

“A double scenario characterizes the epidemiology of 
HIV infection in children. In countries where highly active 
antiretroviral therapy (HAART) is available, the pattern of 
HIV infection is evolving into that of a chronic disease, 
for which control strictly depends on patients' adherence 
to treatment. In developing countries with no or limited 
access to HAART, AIDS is rapidly expanding and is 
loaded with a high fatality ratio, due to the combined 
effects of malnutrition and opportunistic infections.The 
digestive tract is a target of the disease in both settings. 
Opportunistic infections play a major role in children with 
severe immune impairment, with Cryptosporidium being 
the leading agent of severe diarrhea.”

- Management of gastrointestinal disorders in childre n with 
HIV infection. Guarino et al. Paediatr Drugs . 2004



Cryptosporidiosis Rates in Children in Africa
Modified from: Mor & Tzipori (2008) Clinical Infectious Diseases



Impact of Heavy Rains on Infant Mortality                  
Due to Cryptosporidium - Botswana

• Heavy rains in Botswana from 2005-2006 led to 
widespread water contamination and severe outbreak of 
childhood illness and death. Cryptosporidium was the 
waterborne pathogen most frequently detected in stools 
(60%) of children. 

• Botswana has high HIV prevalence rate for pregnant 
women (33% in 2005) which led to high % of infants being 
formula fed using local water instead of breastfeeding.

• 22% of inpatients died (90% were < 2 years old), 
malnutrition was a contributing factor.“Not all diarrhea is 
equal” – Cryptosporidium and enteropathogenic E. coli
caused life threatening diarrheal illness.



Botswana 2005-2006 CDC Data

Creek, T. et al. (2007) Role of infant feeding and HIV in a severe outbreak of diarrhea and malnutrition                     
among young children, Botswana, 2006 – Implications for HIV prevention strategies and child health    

14th Conference on Retroviruses and Opportunistic Infections.



Rainfall & Cryptosporidium – West Africa

MMøølbaklbak et al. Cryptosporidiosis in infancy and childhood mortality in et al. Cryptosporidiosis in infancy and childhood mortality in Guinea Bissau, west Africa. BMJ (1993) Guinea Bissau, west Africa. BMJ (1993) 



CryptosporidiumCryptosporidium
• In HIV patient can cause severe dehydrating 

diarrhea with massive fluid loses
– Leading cause of death in poor countries
– Risk of infection associated with CD4 counts

• Diarrhea usually acute can be chronic with relapsing 
illness

• Watery diarrhea which is Cholera like
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Cryptosporidiosis - AIDS

• In severely immunodeficient patients (CD4 cell 
counts below 100/mm3) Cryptosporidium 
infection but may be severe, sometimes cholera-
like, and unremitting or relapsing.  In these 
cases chronic infection can lead to dehydration, 
malnutrition, malabsorption, wasting and 
frequently, death. 



WHO Infant Feeding 
Recommendations

WHO formula feeding recommendations for 
HIV+ infants in developing countries:

• Replacement feeding if AFASS criteria are 
met  (acceptable, feasible, affordable, 
sustainable, and safe ).

• Otherwise, exclusive breastfeeding for 6 
months, then weaning.



“The overall risk of Mother to Child Transmission is 
increased in recently-infected lactating women and 
estimated to be 29%.”- Draft HIV Transmission Through 
Breastfeeding A Review of Available Evidence An Update from 2001 to 2007 –
WHO, UNICEF, UNAIDS, UNFPA



Estimated impact of AIDS on underEstimated impact of AIDS on under --five mortality rates 2002five mortality rates 2002 ––2005 2005 
selected countries in subselected countries in sub --Saharan AfricaSaharan Africa

Without AIDS With AIDS

Sources:  UNICEF (2005); United Nations Population Division, World 
Population Prospects: The 2004 Revision, database. 
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Children, Diarrhea & HIV/AIDS

• “Acute and chronic diarrhoea is a common 
clinical presentation of HIV infection worldwide 
and is a major cause of mortality in cohorts of 
African children who have HIV.”

• “Compared with uninfected infants, infants who 
have HIV have higher incidence rates for acute 
diarrhoea and persistent diarrhoea, and death 
due to diarrhoea is more common among 
children who have HIV”

– WHO/UNICEF



Note these are percentages of known HIV+ pregnant 
women, % of all pregnant women is much lower. 



IndiaIndia



Pediatric HIV & Diarrhea in Africa
“ …diarrhoea is the … leading cause of death in HIV-
infected children during the first year of life. Diarrhoea 
in HIV-infected children tends to be prolonged and is 
usually complicated by dehydration and malnutrition.”

“Persistent diarrhoea occurs with increased frequency 
in HIV-infected children ……Persistent diarrhoea is 
associated with a 11-fold increase in risk for death in 
HIV-infected children when compared to uninfected 
children. Up to 70% of diarrhoeal deaths in HIV-
infected children result from persistent diarrhoea.”

Handbook on Paediatric AIDS in Africa by the African Network for the Care of 
Children Affected by AIDS Revised Edition, July 2006



Greater Sensitivity of Children

“Children are very sensitive to dehydration. 
Fluid loss can occur very quickly with 
vomiting and diarrhoea: 500 ml of fluid in a 
child weighing 5 kg means a loss of 10% of 
body weight and implies a high risk of 
death.” – Institute of Tropical Medicine 
Belgium 



HIV Status Testing - Children

• Early diagnosis of infants is important because 
without antiretroviral therapy (ART) 50% will die by 
the age of 2, starting ART earlier improves the 
survival chances of HIV+ children (WHO, 2006). 

• In older children and adults, HIV can be identified 
through antibody testing but in infants under the age 
of 18 months, transfer of maternal antibodies makes 
it difficult to determine if the child is HIV-positive. 
Therefore HIV in infants must be diagnosed in a 
different way.  

• These approaches have been limited to select  
laboratories due to their costliness and complexity. 





Persistent Diarrhea in Children in 
Dem. Rep. Congo & HIV Status

Thea et al. (1993) A Prospective Study of Diarrhea and H IV-1 Infection among 429 Zairian 
Infants New England Journal of Medicine 329:1696-1702



Impact of HIV Status & Persistent Diarrhea 
on Deaths of Children in Dem. Rep. Congo

Thea et al. (1993) A Prospective Study of Diarrhea and HIV-1 Infection among 429 
Zairian Infants New England Journal of Medicine 329:1696-1702



Conclusions of the DRC HIV Children Study

• A HIV infected infant with persistent diarrhea had 
an 83 percent likelihood of dying from it, as 
compared with a 4.7 percent likelihood in an 
uninfected infant. 

• “When HIV-1 infection was also present, the 
mortality rate from diarrhea increased 11-fold. 
And, as is now understood for all populations with 
access to treatment for acute dehydration, 
persistent diarrhea was much deadlier than acute 
diarrhea. The high rate of mortality from 
persistent diarrhea was strikingly concentrated in 
the group with HIV-1 infection.” – Thea et al. 
(1993) New England Journal of Medicine



% of Deaths Due to Persistent Diarrhea



Recent HIV/AIDS Clean Water 
Case Study - Rwanda

• Since 2005, Partners In Health (PIH)/ Inshuti Mu 
Buzima (IMB) & Rwanda Ministry of Health have 
worked in two rural health districts in Eastern 
Rwanda to provide community based HIV care

• Replacement feeding is offered to all infants 
born to HIV-infected mothers

• 133 infants enrolled at birth between August 
2005 and December 2007



Key Project Components (Rwanda) 

Approach used:

• Provided kerosene stove and pot for boiling 
water and appropriate jug for storage (as well as 
bottles) provided for clean water 

• Distribution every 2 weeks of fuel and 
formula/porridge

• Regular home visits to                                
address any problems

• Sanitation project included 

Photo from “Low HIV transmission and mortality in a n integrated 
program to prevent postnatal maternal to child tran smission”

Stulac et al., poster at Mexico City 2008



Impact on Infant Mortality Rate
• Infant mortality rate at 1 year follow-up:             

30 per 1,000 live births for project compared to                
125 per 1,000 live births in eastern Rwanda

“Low HIV transmission and mortality in an integrated program to prevent postnatal maternal to child transmission”
Stulac et al., poster at Mexico City 2008



Conclusions – Partners in Health 
Rwanda Project

In their own words:



Rwanda Project Summary

• Project has demonstrated that when clean water 
is made available as part of a comprehensive 
intervention, the best of all worlds (both 
preventing HIV transmission and low infant 
mortality rates) is achievable      

• Unclear how critical providing regular fuel was to 
maintaining very high implementation rates for 
boiling water



Haiti Case Study
• HIV+ pregnant women at 9 sites routinely offered HIV testing and

ART

• Infant formula provided free of charge, in combination with 
supplies to ensure clean water 

• Among HIV+ mothers who received antiretroviral therapy and 
did not breastfeed, transmission of HIV was only 1.8% of 242 
infants exposed to HIV in the womb. 

• “VERY LOW RATES OF TRANSMISSION OF HIV ARE 
POSSIBLE FROM MOTHER (HIV+) TO INFANT IN 
RESOURCE POOR COUNTRIES WHEN ATTENTION IS PAID 
TO ART PROVISION, COMPREHENSIVE WOMEN’S 
HEALTHCARE, NUTRITIONAL SUPPORT FOR INFANTS, 
AND SUPPORT FOR CLEAN WATER.”

IVERS et al. “VERY LOW RATE OF TRANSMISSION” OF HIV INFECTION FROM MOTHER-TO-CHILD                      
IN RURAL HAITI: THE ZANMI LASANTE EXPERIENCE” AIDS 2008 Mexico City  



Malnutrition
• Diarrhea and intestinal parasites contribute to 
malnutrition by causing decreased food intake, 
impaired nutrient absorption and nutrient losses. 

• Malnutrition weakens the body’s defenses and 
makes children more vulnerable to disease.

• Even a relatively mild infestation of parasites can 
interfere with digestion and absorption. 

• Unsafe water contributes to malnutrition by 
challenging children’s immune systems and by 
causing diarrhea. 



Malnutrition & HIV



Impact of Diarrhea on Severe Malnutrition in 
Children in South Africa

Saloojee et al. (2007) What’s new? Investigating risk factors for severe childhood malnutrition in 
a high HIV prevalence South African setting Scandinavian Journal of Public Health 35 96–106



Conclusions

• People living with HIV/AIDS are particularly 
susceptible to unclean water and associated 
infections with waterborne pathogens and  
resulting diarrhea. 

• Persistent diarrhea results in a reduced quality of 
life and a life threatening condition for people 
living with HIV/AIDS.

• HIV+ mothers who do not breastfeed to prevent 
transmission of HIV to their child need clean 
water to make safe formula. 



Conclusions (continued)

• Antiretroviral (ARV) therapy is critical to 
improving the immune systems of people 
living with HIV/AIDS. ARV is the only drug 
intervention that has been shown to generally 
effectively treat Cryptosporidiosis.  

• ARV appears to be better absorbed if patients 
consistently use clean drinking water likely 
because of reduced diarrhea.

• Cryptosporidium contamination of water 
represents a life threatening risk to people living 
with HIV/AIDS, particularly for surface water 
sources and during rainy seasons.
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Contact Info for Future Questions 

• Thank you for your interest in this area.

• The presenter welcomes follow-up 
questions and clarifications. For future 
questions/comments/clarifications, please 
contact me at:  

tmahin@cawst.org


